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Discussion Arising from Session on the Benefits ofFever
Dr. Dinarello stated that, although in his presentation on fever and natural killer
cells, he had ended up retreating from his stance as a proponent ofthe beneficial effects
of fever and IL-1, it was important to remember that these remarks pertained only to
one particular isolated system. He continued to feel very strongly that the multiple
biological activities ofIL-I still supported the hypothesis that this molecule is involved
in defenses of individuals who are challenged by any infectious, inflammatory,
neoplastic, or injurious insults. Although sometimes the biological effects of IL-I seem
to be contrary and even counterproductive in certain patients, such as those with heart
disease or pregnant women, on the whole, a normal, healthy individual depends upon
IL-I and all its biological effects, including fever, to meet thechallenge successfully. In
terms offever, specifically the increase in body temperature, he felt that the situation is
a complex one. It may even be that increased body temperature has effects on the
hypothalamus that result in the release of neurohumoral mediators that are immuno-
suppressive, for very important reasons. If, every time we were challenged by infection
or injury, we made antibodies, we would probably die at a much younger age from the
ravages ofautoimmune diseases. Ifwe were unable to suppress the immune response to
some degree every time we broke a bone, we would probably end by making antibodies
against ourselves and finish up as an autoimmune disaster. Obviously there must be a
balance of positive effects and negative effects of IL-I on the immune system. Dr.
Dinarello felt that the beneficial effects of hyperthermia in, for example, cancer
therapy were not derived from stimulating the immune system but were purely
physiological in terms of tumor cell oxygenation and neoplastic vulnerability to
radiation and chemotherapy. He did not think that hyperthermia is effective in tumor
therapy because it acts as an immune adjuvant; on the contrary, it is not an
immunoadjuvant.
Dr. Kluger stated that he would like to see the study by Atwood and Kass, referred
to by Dr. Blatteis in his presentation, excluded from the present discussion and, for that
matter, from any future reviews of the subject of fever and survival, because it dealt
with the effects and sequelae of hyperthermia imposed upon endotoxic shock, rather
than the effects of fever on survival. He felt that these results were not relevant to
infection-induced fevers, nor had their authors even intended them to be so. He pointed
out that much of the data, not only on the benefits of fever, but for virtually all the
immunological responses reported, were derived from in vitro experiments, and that
any subsequent extrapolation to the in vivo situation was very unreliable. Nevertheless
most, although not all, of the in vitro experiments tend to support the hypothesis that
fever and small elevations in body temperature are adaptive. One in vivo experiment,
by Bernheim, Bodel, and Atkins, showed that while blood cells got to the site of a
localized infection in the lizard much faster when the animal's body temperature was
maintained at levels simulating fever. Regarding Dr. Banet's presentation, Dr. Kluger
agreed that rats which had been infected with bacteria and then had their hypothalami
cooled artificially to produce larger than normal fevers did not fare well, compared to
controls. However, he interpreted this experiment to mean that excessively high fevers
were not beneficial, and that it could not be used as evidence to say that all fevers were
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injurious. Finally, Dr. Kluger pointed out that most ofthe work being discussed at this
symposium pertained only to a very few species ofanimals, particularly to the common
laboratory rat, a highly inbred and atypical animal. Furthermore, only a couple of
strains of pathogen were employed in these studies. In the future, a broader and more
representative spectrum of both hosts and pathogens must be studied, if generaliza-
tions that are useful or valid are to be made about the role of fever.
Dr. Blatteis generally agreed with Dr. Kluger's characterization of the study of
Atwood and Kass as one of endotoxic shock; however, he felt that those parts of the
study, in which smaller doses ofendotoxin (1-2,ug/kg) were used, showed that doses of
endotoxin, which were non-lethal at normal room temperatures, became fatal if the
animals were made hyperthermic and that inferences on the role of high body
temperatures on survival could be drawn. He argued that even if in certain instances it
might be shown that fever was beneficial to survival, fever certainly was in no way
critical to the host response mechanism to infection. He felt that this example
illustrated the normal redundancy found in many biological systems and that an
adequate and effective defense could be mounted to infection in the absence of fever.
Perhaps in the case of ectotherms such as the lizard, fever was essential because they
had a lesser range of defense mechanisms available to them.
Dr. Banet agreed with Dr. Kluger that the range of animals and pathogens studied
was too limited to allow for the generalizations that everyone was guilty ofmaking. He
felt that this limitation was particularly true of the work reported on ectotherms. He
also agreed that fevers of 40C, such as he reported, were excessively high to be
considered as normal, but pointed out that the correlation between increasing fever
height and survival rate was a smooth curve, showing increased mortality with
increased fever height. Thus, he found it difficult to ascribe any beneficial effect to
fever, even at lower levels of fever. With respect to the opposite type of experiment,
where he attempted to suppress fevers in bacterially infected rats by heating the
hypothalamus, the experiment met with only moderate success. During the first two
days fevers were suppressed, but after two days full fevers developed, despite continued
hypothalamic heating. In any case, there were no ill effects of fever suppression on the
survival of these animals, and he felt that the other actions of IL-1 were more
important to survival than fever, especially during the first two days.
Dr. Murakami then mentioned the several recent reports by Dr. Kluger and by Dr.
Dinarello that had seemed to implicate IL-1 in the temperature responses to exercise
and in the changes in body temperature in women during the luteal phase of the
menstrual cycle. He asked Dr. Dinarello whether he thought that there were two
different functions of IL-1, one physiological and one pathophysiological, and, if so,
whether there was a common mechanism involved. Dr. Dinarello replied that it was
increasingly apparent to him that IL-1 was not just a product of pathophysiological
events, but seemed to be implicated in all events in which the body underwent stress.
He viewed the situation with IL-I much in the manner of how the role of cortisol was
uncovered. Initially, 20 to 30 years ago, cortisol was thought to be released only during
infection. Now it is known that cortisol is continuously released with a circadian
rhythmicity and only rises to very high concentrations during a variety of stressful
conditions. He said we are now looking at a circadian variation in IL-I release, and he
felt that a variety ofstressful conditions, not infection-related, cause the release ofthis
hormone, which helps to modulate the normal host responses, tissue repair, and the
132DISCUSSION ARISING FROM SESSION ON THE BENEFITS OF FEVER
readiness of the organism to fight infection. Dr. Murakami also mentioned that the
elevation ofbody temperature occurs very early after pyrogens are injected, yet many
of the acute-phase and immunological responses are not seen until many hours later.
Furthermore, while fever is blocked by cyclooxygenase inhibitors, the most recent
information indicates that neither acute-phase reactions nor lymphocyte proliferation
appear to involve prostaglandin synthesis. This finding might argue that fever is not
essential in the host defense mechanisms.
Dr. Duffagreed with Dr. Murakami that not enough attention had been paid to the
time sequence of the different events occurring during infection. He felt that a large
gulfexists between the behavior ofisolated cell systems in vitro, between the behavior
of laboratory animals in manipulated circumstances, and the ways in which real
patients respond when they are sick. He then showed the fever chart of a patient
suffering from a systemic skin disease, which portrayed a number ofintermittent fever
episodes over a period of several days, with numerous remissions. On the basis of the
events and mechanisms discussed at this symposium, he ventured that nobody could
give him a rational explanation for the events occurring in his patient that would
satisfactorily account for this complex fever chart.
Dr. Dinarello then elaborated on the idea that there were numerous eventsoccurring
simultaneously and that redundancy was a major factor to be considered. He pointed
out that so far no one had mentioned the role ofinterferon in fever and the response to
infection. For many years, it was thought that fevers produced by interferon injections
were the by-product ofendotoxin contamination. Absolutely pure interferon produced
by recombinant techniques has now been shown to be pyrogenic, however, although
perhaps not as potent a molecule as IL-1 in this respect. He believed that this was an
example ofredundancy in ensuring the production offever and ventured to guess that
several other molecules produced by infection2 yet to bediscovered, will exhibit similar
pyrogenic activity.
Dr. Blatteis disagreed with Dr. Dinarello's point about redundancy in the mecha-
nisms for producing fever. He pointed out that endotoxins were capable ofeliciting all
kinds of host resistance, independent of their fever-producing effects. Repeated
administration of endotoxin induces tolerance to its febrile effect without there being
any tolerance to its aftereffects. This comment was disputed.
Dr. Simon made the comment that during the past ten to 15 years many leukocyte
and phagocytic cells of the reticuloendothelial system have been considered to be
sources of leukocytic mediators, including pyrogens. During the past three to four
years, however, it appears that the discussion now centers solely on IL-1 and the
monocytes that produce it. He wondered whether this meant that the other reticuloen-
dothelial system cells were ofminor importance in infection and the host response. Dr.
Dinarello replied that he felt that there were many more leukocyte and endogenous
mediators yet to be discovered and described, that the idea of IL-I being the sole
molecule that the body makes in response to fever and inflammation was not correct,
and that the theory must be modified to include other molecules such as interferon and
interleukin-2 and other molecules still undiscovered. He felt that this effort will be
greatly aided by cloning and recombinant techniques with specific cell types. Dr.
Blatteis made the point that although until recently it was thought that monocytes
were the sole source of IL-1, it is now clear that IL-I can be produced by a variety of
cell types such as Kupffer cells, keratinocytes, and Langerhans cells. Not all of these
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cells are capable of releasing IL-I into the bloodstream, however, since many are
epidermal and are thus remote from the circulation. Nevertheless, they appear to have
an important role to play in host responses to localized infections.
Dr. Atkins suggested that, in the clinical picture, the greatest vulnerability of the
infected patient was not any lack of antibodies, but a lack of leukocytes, particularly
circulating granulocytes. If IL-I has chemotactic properties and if an elevated body
temperature induces a more rapid inflammatory response to localized infection, then
perhaps the major role that IL-I plays is to keep infections localized and thus to
prevent their systemic distribution. Therefore, an elevated temperature may be more
important for the localized tissue responses than for the systemic or whole-body
immune responses of the animal. He also asked Dr. Dinarello ifhe knew whether IL-I
was toxic and whether it was possible to kill an animal with an overdose of IL-1. Dr.
Dinarello replied that both he and Dr. Patrick Murphy ofJohns Hopkins had discussed
this problem recently, and both concurred that even with extremely large doses of
highly purified IL-1, all they had seen were high and prolonged fevers, never any
deaths. These experiments were performed on rabbits and, of course, the dose-
responsiveness of rabbits may be very different from that ofhumans.
Dr. Simon asked about the leukocytosis that accompanies infection and wondered
whether IL-I had effects on the recruitment of immature leukocytes from the bone
marrow. Dr. Dinarello replied that IL-I causes aneutrophilia and that interferon, in
addition to fever, causes aleukopenia. Thus, if the subject gets a viral infection and
makes both IL-I and interferon, the physician may see no difference in the overall
white cell count; which confuses the issue clinically.
Dr. Stitt asked Dr. Duff whether he agreed with the categorical statement of Dr.
Dinarello, that elevated body temperatures did not act as an immunological adjuvant.
Dr. Duffreplied that he would put it another way-that it is notjust hyperthermia that
is an immunological catalyst. In his in vitro experiments with T cells, however, the
difference between the responses at 340 and 370C were very marked. He felt that this
effect was true for any system where the basic cell type that was orchestrating the
immune response was the T cell, or where the system was being augmented or driven
by IL-1. Dr. Stitt then asked Dr. Blatteis how his initial remarks about the beneficial
host responses to fever induced by IL-I (the acute-phase responses) not being blocked
by antipyretic drugs, and therefore occurring in the absence ofhyperthermia, could be
reconciled with observations ofKluger and Bernheim that survival in lizardscouldonly
be enhanced by hyperthermia. Dr. Blatteis replied that the precise benefits of the
acute-phase reactions were not completely clear yet. Many ofthese responses have not
been measured in ectotherms, and it might be that hyperthermia is ofmoreimportance
for the host defenses ofreptiles than it is for mammals.
Dr. Coceani made the comment that we should not forget the fact that while we may
be inhibiting the cyclooxygenase pathway with antipyretics, the lipoxygenase pathway
may be stimulated. These products may have a profound effect on leukocyte function
in the absence of any fever. This situation could be especially true among different
species and different phyla.
Dr. Bernheim cautioned the speakers to be careful in trying to attribute to
evolutionary development the information gained from a variety of different species
present on the earth today. The stem animals from which these currentspecies orphyla
developed are long gone, and we have no idea of the physiological mechanisms that
they might have possessed. To call animals oflower phyla primitive today is somewhat
134DISCUSSION ARISING FROM SESSION ON THE BENEFITS OF FEVER
incorrect. They have adapted successfully to their current environments and thus are
quite successful in what they are doing. We have to be very careful in drawing
conclusions about evolution and its trends by talking about comparisons among lizards
and fish and mammals. With present-day species, such comparisons can be a very
dangerous game. Dr. Bernheim also felt thatusing survival ofanimals as a measure for
experiments assessing the benefits of fever was too drastic an end-point. He felt that a
shortening of the diseased state or the rate of healing of tissue were more realistic
measures, because under evolutionary pressures, death may not have been due to the
effects ofthe infecting organism or disease itself, but may have been due to a predator
finding and killing the host in a weakened and defenseless condition.
Dr. Mitchell pointed out that, in the wake ofthe discussions held during this session,
everyone would have to be more careful about defining exactly what they mean by
"fever." It was clear to him that although most physiologists regarded fever as the
thermal events accompanying infection, clinicians tended to include the whole
syndrome of events surrounding infection. Fever now might be better regarded as the
acute-phase responses, thedelayed serumcation changes, and thesubsequent immuno-
logical events as well as the thermal consequences. In writing about and discussing
fever, we would now have to be careful to distinguish between the thermal and the
other consequences offever, particularly ifpeople aregoing to make claims that it may
be one of several other consequences of fever and not the hyperthermia per se that is
beneficial in some species or under some circumstances.
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